Hydro-distillated essential oils (EO) antioxidant activity of three endemic medicinal plants of Iran namely, Heracleum lasiopetalum Boiss., Kelussia odoratissima Mozaff., and Ferulago angulata (Schlecht.) Boiss were studied. The results indicated that the major components of the EOs were 2-ethylhexyl acetate (34.5%), n-octanol (6.5%), and hexanol (5.1%) for H. lasiopetalum fruits; Z-β-ocimene (20.5), α-pinene (11.6%), and α-phellandrene (9.3) for F. angulata aerial parts; α-pinene (20.1%), 1,8-cineole (18.2%), and Zligustilide (15.5%) for K. odoratissima aerial parts. The three EOs having high antioxidant activity could be used as an alternative preservative instead of synthetic ones in food industry.
Introduction
The essential oil (EO) and extracts from medicinal and aromatics plans may contain a wide variety of free radical scavenging molecules, such as phenolic compounds, nitrogen compounds, vitamins, terpenoids, and some other endogenous metabolites, which are rich in antioxidant activity (Shahidi and Naczk 1995 , Velioglu et al. 1998 , Cai et al. 2004 . Studies demonstrate the medicinal activities, in particular antioxidant activities, of natural plant materials against various diseases such as atherosclerosis, cancer, diabetes, Alzheimer's, HIV, Parkinson's, and cataracts (Moon and Shibamoto 2009 ). In addition, interest has increased considerably in finding naturally occurring antioxidants for use in foods or medicinal materials to replace synthetic antioxidants, which are being restricted due to their carcinogenicity (Velioglu et al. 1998) .
The family Apiaceae has more than 300 genera and 3000 species of the aromatics. Plants of this family can produce monoterpenes, sesquiterpenes, and phenyl components and related resins in their secretary ducts, roots, stem, leaf, flowers, seeds, and fruits (Sodeifian and Ansari 2011) . In the present study, the antioxidant activity of EOs from three species of Iranian medicinal herbs (Apiaceae), namely Heracleum lasiopetalum Boiss., Kelussia odoratissima Mozaff., and Ferulago angulata (Schlecht) Boiss. were measured for natural antioxidants.
All these three species are endemic to Iran and their description, distribution and ethnobotanical properties having been described elsewhere (Ghasemi Pirbalouti 2009 , 2010 , Javidnia et al. 2006 , Mozaffarian 2008 Rabbani et al. 2011) .
So far, a few reports on chemical composition and antioxidant activity of the EOs of H. lasiopetalum fruits, F. angulata aerial parts and K. odoratissima aerial parts from Bakhtiari Zagros Mountains are available. The objective of the present study was to evaluate the antioxidant activity, and chemical composition of the EOs from three medicinal and aromatic plants of Iran.
Materials and Methods
The Harvested parts were dried at room temperature for two weeks. Dried plant materials were powdered (100 g) and subjected to hydro-distillation (1000 ml distillated water) for 3 hrs using a Clevenger-type apparatus.
The antioxidant capacity of the essential oils was evaluated by the method of Wang et al. (1998) . The EOs at concentrations of 8 -500 µg/ml were mixed with an equal volume of 0.2 mM ethanol solution of DPPH. The absorbance was measured using a Perkin-Elmer Lambda UV/Vis spectrophotometer at 515 nm against a blank, i.e. without DPPH. All tests were run in triplicate and an average was used. Decreasing of DPPH solution absorbance indicates an increase of DPPH radical scavenging activity. The amount of sample necessary to decrease the absorbance of DPPH by 50% (IC50) was calculated graphically and the percentage inhibition was calculated according to the equation:
where A C (0) is the absorbance of the control at t = 0 min and A A(t) is the absorbance of the antioxidant at t = 30 min. The food preservative butylhydroxyanisole (BHA) was used as positive control.
Gas chromatography/mass spectrometry (GC/MS) analysis:
The EOs were analyzed using an Agilent 7890 A gas chromatograph (Agilent Technologies, Palo Alto, CA, USA) with a HP-5MS 5% phenylmethylsiloxane capillary column (30.00 m × 0.25 mm, 0.25 µm film thickness). Oven temperature was kept at 60°C for 4 min initially, and then raised at the rate of 4°C/min to 260°C. Injector and detector temperatures were set at 290 and 300°C, respectively. Helium was used as carrier gas at a flow rate of 2 ml/min, and 0.1 µl samples were injected manually in the split mode. Peaks area per cents were used for obtaining quantitative data. The gas chromatograph was coupled to an Agilent 5975 C (Agilent Technologies, Palo Alto, CA, USA) mass selective detector. The EI-MS operating parameters were as follows: Ionization voltage, 70 eV; Ion source temperature, 200°C. Retention indices were calculated for all components using a homologous series of n-alkanes (C 5 -C 24 ) injected in conditions equal to samples ones. Identification of oil components was accomplished based on comparison of their retention times with those of authentic standards and by comparison of their mass spectral fragmentation patterns (WILLEY/ChemStation data system) (Adams 2007) .
The data was statistically analyzed using one-way ANOVA by the program SPSS (19.0) , and comparison of the means of the main constituents of essential oils evaluated by Duncan's multiple range test at p ≤ 0.05 level.
Results and Discussion
The yellow oil of F. angulata and K. oderatissma, and opaque-yellow color oil of H. lasipetalum were obtained in the yields of 0.81, 0.53, and 0.35% (v/w) based on dry matter, respectively. The EO yield and its chemical composition were expected as they are affected by several factors, including species and genotype (Ghasemi Pirbalouti et al. 2013a,b) , ecological conditions (Ghasemi Pirbalouti and Moalem 2013), growth stage, and extraction methods (Sodeifian and Ansari 2011) . Sodeifian and Ansari (2011) reported the oil yield of F. angulata under various factors in supercritical extraction method is highly variable (0.05 to 0.82%). Results of other study (Aklaghi 2008) indicated the flower, stem, and leaves of F. angulata (collected from east-north, Iran) yielded 0.66, 0.54 and 0.43% (w/w), respectively. In agreement with previously published reports, Rabbani et al. (2011) reported that the aerial parts of K. odoratissima yielded a 0.4% (v/w). The results of a study (Sonboli et al. 2006) indicated the EO yield of the aerial parts (leaves and stem) of T. lasiopetalum (synonym: H. lasiopetalum) collected from west Iran was 0.03% (w/w) based on the dry weight of plant.
The chemical constituents identified by GC and GC/MS, the major components of the essential oils are presented in the Table 1 . In total, 42 compounds in the EO from F. angulata were identified. The major components were Z-β-Ocimene (20.54%), α-pinene (11.59%) and α-phellandrene (9.33%) that they were dominant among monoterpenes components (Table 1) . The following components (%) have been identified in EO of F. angulata two ecotypes: E-β-ocimene (22.6-27.9), α-pinene (25.7-27.1%), bornyl acetate (3.9-8.5%) (Ghasempour et al. 2007 ). The aerial parts of F. angulata in which (Z)-β-ocimene (35.5%), terpinolene (5.7%), and α-phellandrene (5.4%) have been the main components (Javidnia et al. 2006) . Aklaghi (2008) reported that α-phellandrene and α-pinene are main compositions in flowers, stems, and leaves of F. angulata. In total, 38 compounds in the EO from K. odoratissima were identified; the major compounds were α-pinene (20.1%), 1,8-cineole (18.2%), and Z-ligustilide (15.5%), while the results of other reports indicated that the main components of the EO of K. odoratissima were 3-n butyl phtalide and Z-ligustilide (Rabbani et al. 2011; Ghasemi Pirbalouti et al. 2012; Sajjadi et al. 2013) . Various factors, including ecotype, harvesting stage, drying, and extraction methods caused on this variation.
Results of current study indicated that 39 compounds were identified in the EO of H. lasiopetalum. As a determined by GC and GC-MS analyses, H. lasiopetalum contained 2-ethylhexyl acetate (34.5%), n-octanol (6.5%) and hexanol (5.1%) as the major compounds. Sesquiterpene hydrocarbons were found as the major group of compounds in H. lasiopetalum. (E)-anethole has been characterized as the main constituent of the leaves, stem and flower of H. persicum Desf. ex Fisch from Iran (Sefidkon et al. 2002 (Sefidkon et al. , 2004 .
Antioxidant properties are very important in counteracting the deleterious role of free radicals in foods or biological systems. Excessive formation of free radicals accelerates the oxidation of lipids in foods, impairs food quality and consumer acceptance (Cheung et al. 2007 ). The DPPH is a stable free radical, which has been widely accepted as a tool for estimating the free radical scavenging activities of antioxidants (Hu et al. 2004) . The lower IC 50 value indicates a stronger ability of the extract to act as a DPPH scavenger while the higher IC 50 value indicates a lower scavenging activity of the scavengers as more scavengers were required to achieve 50% scavenging reaction. The IC 50 values were found to be 0.035, 0.027, 0.028, and 0.065 mg/ml for K. odoratissima, H. lasiopetalum, F. angulata, and L-Ascorbic acid, respectively. The results indicated no significant difference between activities of the EOs. An important characteristic of EO and their components is their hydrophobicity, which enables them to partition in the lipids of the bacterial cell membrane and mitochondria, disturbing the structures and rendering them more permeable. Leakage of ions and other cell contents can then occur. Free radicals cause auto oxidation of unsaturated lipids in food, and the antioxidant activity of the EOs could be attributed to their hydrogen donating ability (Kaur and Perkins 1991) .
The results of this study suggest the possibility of using the EOs as natural food preservatives, because the EOs possesses high antioxidant activities. This study can be considered as the first report on the in vitro antioxidant activity of the EOs prepared from the aerial parts of K. odoratissima and F. angulata and fruits of H. lasiopetalum, collected from Southwestern Iran. We hope that our results introduce a unique natural source which possesses strong antioxidant substances.
